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ABSTRACT 
Electromyography was utilized to compare the effects 
of two therapeutic exercises at two work loads. in knee ex­
tension on the muscle action potential in the vastus medial­
i s. One exercise was extension to 180 degrees with a four 
second isometric hold and flexion to 90 degrees. The other 
exercise was extension to 180 degrees, 15 degrees flexion, 
15 degrees extension and flexion to 90 degrees. Each exer­
cise lasted for 10 seconds. 
The subjects in the study were 11 varsity female ath­
letes from the fall and winter interscholastic athletic pro­
gram at Eastern Illinois University. The subjects met for 
the first time to determine their work loads and to practice 
each exercise. The work loads were determined to be one-half 
and three-fourths of the maximum weight lifted to full knee 
extension. At a second meeting, data was collected from each 
subject for each exercise performed during two trials at two 
different work loads. 
The research design consisted of a single-group with 
two variables. The amplitude of the spikes was measured and 
the frequencies of the spikes on each interference pattern 
were counted. A quantitative figure was obtained by multi­
plying mean amplitude by frequency for each trial. This 
score was utilized with a multiple analysis of variance pro­
gram by the Eastern Illinois University Data Processing Cen-
.j�,'!4n:� 
ter. 
A null hypothesis was tested at the .05 level of sig­
nificance. The null hypothesis stated: Exercising the quad­
riceps femoris through a full range of motion plus repetition 
of the last 15 degrees does not increase the muscle action 
potential of the vastus medialis when compareq to a full ex­
tension and flexion exercise with the same time duration. 
Major findings of the study concluded that there was 
no difference in the muscle action potential in the two ex­
ercises. There was a significant difference in the muscle 
action potential due to the increase in weights between one­
half maximum weight and three-fourths maximum weight. 
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Chapter 1 
INTRODUC TION 
There are many views taken by authorities  c onc ern­
ing therapeutic exerc ise  for the quadric eps f emoris muscle  
group . There are numerous s tudies  which attempt to s e ek an 
efficient strength building program for the quadricep f emor­
i s . Fac tors which influenc e different rehabilitation pro­
grams c onsist  of the type of equipment used , the number of 
sets or repetitions incorporated into a program, different 
ranges of motion to be worked , and the body position for the 
exercise . 
Type s  of equipment available  for therapeutic exer­
cise  vary from cans filled with c ement to more s ophis ticated 
machinery available  from manufacturers . Manufac tured 
s trength building equipmer.t include free weights , pulley 
systems , extensor tables and isokinetic machines . Each type 
of equipment is  a factor in the performance of therap eutic 
exerc i s e . 
The number of sets and repetitions within a set  may 
in£luenc e muscular activity during performanc e of therapeu­
tic exercise . Variations of different strength building 
programs c ould include many sets with few repetitions , many 
sets with many repetitions , f ew sets with many repetitions 
1 
and few s ets with few repetitions. 
Muscular activity may be influenced if performance 
incorporates an entire range of motion or parts o f  the 
range o f  motion. The influence of range o f  motion may be a 
factor in mus cular activity which could effect the s trength 
gain of a mus cle. 
2 
Different body po sitions could alter the mus cular 
activity of a mus cle. One particular body po sition may not 
isolate the muscle under study which would effect the muscu­
lar activity. 
In addition to various rehabilatation programs for 
the quadriceps femoris mus cle group, different beliefs con­
cerning s elective function of each quadricep muscle is als o  
under constant evaluation. In particular, there i s  a con­
flict between researchers concerning the function of the 
vastus medialis. There is a discrepancy �oncerning where 
the mo s t  activity of the vastus medialis occurs in the range 
'of motion of knee extension. The main discrepancy of the 
function o f  the vastus medialis is co ncerned with the mo st 
activity produced in the last 15 degrees o f  knee extension 
or whether the vastus medialis exerts the s ame amount of ac­
tivity throughout the range of mo tion of knee extension. 
There are s ome researchers who believe that the in­
dividual quadriceps femoris mus cles have a selective func­
tion. The belief that an individual quadricep femoris mus ­
cle has a specific task in movement or protection from in­
juries to the knee sets excellent ground work in studying 
J 
that muscle.1 This s tudy s erves to examine the vastus medi­
alis in comparing the effect of two therapeutic exercis es on 
the mus cle action potential. 
PURPOSE OF THE STUDY 
The purpo se of this s tudy was to co mpare the effects 
of two therapeutic exercises at two different work loads in 
knee extension on the mus cle action potential in the vastus 
medialis. 
NULL HYPOTHESIS 
Exercising the quadriceps femoris through a full 
range of motion plus repetition of the las t  15 degrees does 
not increase the mus cle action potential of the vastus medi-
1Ronald R. Bos, Thomas G. Blosser, "An Electromyo­
graphic Study of vastus Medialis and Vastus Lateralis Dur­
ing Selected Isometric Exercises," Medicine and Science in 
Spo:c.ts, II (Winter, 1970), p. 218; se e also T.L. DeLorme, 
"Restoration of Muscle Power by Heavy Resistance Exercises," 
Journal of Bone and Joint Surgery, XXVII (1945), pp. 646, 
648; see also F.J. Lieb, J. Perry, "Quadriceps Functi on, An 
Anatomical and Mechanical Study Using Amputated Limbs," 
Journal of Bone and Joint Surgery, L (Dec., 1968), pp. 1535, 
1544, 1547; _se e  also F.J. Lieb, J. Perry, "Quadriceps Func-
' tion: An Electromyographic Study Under Isometric Conditions," 
Journal of Bone and Joint Surgery, LIII (June,_1971), pp. 749 
7 57; se e also G. S. Pocock, "Electromyographic ::>tudy of the 
Quadriceps During Resistive Exercises," Journal of the Amer­
ican Physical Therapy Association, XLIII (1963), pp. 427, 
4J3 ; se e also Seppo Santavirta, M.D., "Integrated Electromy­
ography of the Vastus Medialis Muscle A fter Menis cectomy, " 
The American Journal of Sports Medicine, VII (Jan./Feb., 
1979), pp. 41, 42; see also M. Wheatley, W. Jahnke, "Elec­
tro myographic Study of the Superficial Thigh and Hip Muscles 
in Normal Individuals," Archives of Physical Medicine, (Aug., 
1951), p. 513. 
alis when compared to a full extension and flexion exercise 
with the same time duration. 
ALTERNATE HYPOTHESES 
There is no difference in the muscle action poten­
tial of performance in knee extension of one-half maximum 
weight that the athlete can lift and performance of three­
fourths maximum weight that the athlete can lift. 
A five minute interval between performances of the 
4 
two exercises tested including varying weights of one-half 
maximum weight lifted and three-fourths maximum weight lift­
ed will not have a fatigue effect on the muscle action po­
tential of the vastus medialis. 
IMPORTANCE OF THE STUDY 
Importance of this study lies in efficiency of ther­
apeutic exercise for muscle action potential of the vastus 
m�dialis. If one exercise will produce more muscle action 
potential of the vastus medialis over another exercise, then 
that exercise would be more efficient for the therapeutic 
aspect� of the exercises. 
LIMITATIONS � ASSUMPTIONS 
A limitation in this study was the method used in 
establishing the maximum weight that the subjects would lift 
at the first me eting. This was done by trial and error and 
to a minimal degre e in all cases, fatigue could have be en a 
5 
detriment. 
Two surface electrodes of electromyography were 
used and placed over the motor point of the vastus medialis. 
Inter-electrode distance was .5 centimeter. The amount of 
interference from other subcutaneous tis sues which lie o ver 
the vastus medialis was not known.2 
The interference pattern of electromyography is a 
series of spikes as shown in Figure 1. Each spike was mea­
sured and counted. Since some spikes involved measurements 
of less than a millimeter, error in these finite measurements 
may have been an influence on some of the results. 
IQUA•I• 8 MM. X 9 .. M. 
Figure 1 
Interference Pattern o f  Electromyography" 
Another limitation concerning this s tudy involved 
the decision as to which leg was dominant. The dominant 
leg was the same leg that the subjects would use to kick a 
ball. This was the leg used for testing purposes. 
2santavirta, op. cit., p. 41. 
The environment of the testing area was a limiting 
factor. Although the testing area was screened off with a 
white curtain, noise of other people in the room was una-
voidable. 
6 
A limitation to this study was the lack of repeated 
measures which should accompany an electromyographical 
study. This is a factor which could have a direct influence 
of the results and conclusions of �he study. 
There are numerous factors involved with the elec-
trical activity of muscular contractions. An assumption is 
that electromyography is indirectly related to muscular 
force.3 Previous studies have demonstrated that a stronger 
individual shows less electrical activity for a muscular 
contraction.4 
TERMINOLOGY 
The following are definitions for terms used in 
this study. 
Concentric Contraction 
A concentric contraction is an unresisted shorten­
ing of a muscle.5 
3Ibid. 
4Herbert A. Devries, Physiolog;y of Exercise for 
Physical-Education and AthletICs, 2nd ed. (Dubuque, Iowa: 
Wm. C. Brown Co. , Publishers, I 976 ) , p. 293. 
5Laurence E. Morehouse, Ph.D., August T. Miller, 
M.D., Ph.D., Ph
l
siology of Exercise, 6th ed. (St. Louis: 
C.V. Mosby Co, 971), p. 78. 
Jr., 
The 
Dominant I.eg 
'I'he dominant leg corresponded to the dominant arm. 
The dominant leg was established by ascertaining which leg 
the subject would use to kick a ball. If the subject would 
kick a ball with her right leg, then that leg.was used as 
the dominant leg in the study. 
Eccentric Contraction 
An eccentric contraction occurs when a muscle ex-
pends enough energy to produce force that is less than the 
opposing outside force.6 Even though the muscle tries to 
shorten, it is lengthened during its contraction phase.7 
Electromyography 
7 
Electromyography measures muscle action potential 
during contraction of the muscle.8 Electromyography was the 
measuring tool used in this study. EMG is an abbreviation 
for electromyography. 
Exercise A 
This exercise consisted of knee extension from 90 
degrees to 180 degrees with a four second hold at 180 de-
grees and followed by flexion to 90 degrees. The exercise 
lasted for 10 seconds and each command denoted one second. 
The command for this exercise was: "up - two - three - hold 
6neVries, op. cit., p. 45. 7rbid. 
8rbid., p. 286. 
8 
- two - three - four - down - two - three." 
�rcise A, one-half Max 
This was Exercise A performed at one-half the maxi­
mum weight that the subject could lift which was established 
at a previous meeting before the testing day. · 
Exercise A, Three-fourths Max 
This was Exercise A performed at three-fourths of 
the maximum weight that the subject could lift which was es­
tablished previously. 
Exercise B 
Exercise B was an exercise in knee extension which 
consisted of extension from 90 degrees to 180 degrees, 15 
degrees flexion, 15 degrees extension, and flexion to 90 de­
grees. This exercise lasted 10 seconds with each command 
denoting one second. The commands for Exercise B were: 
"up - two -·three - down - two - up - two - down - two -
three. " 
Exercise B, One-half Max 
Exercise B, one- half max was Exercise B performed at 
one-half the maximum weight that the subject established 
prior to the testing day. 
Exercise B, Three-fourths Max 
This exercise was Exercise B performed at three­
fourths maximum weight that the subject could lift. This 
was established before the testing day . 
Interferenc e Pattern 
Electromyographical rec ordings of muscular c ontrac -
tions are interferenc e patterns . This measur ement , or  in-
terferenc e pattern , when analyzed gives  information c oncern­
ing the electrical activity of the muscle . 9 An example  of 
an interferen c e  pattern is  shown in Figure 1 ,  page 5 . 
Isokinetics 
9 
Isokinetics  are a form of mus cular training which em­
ploy resistanc e throughout the range of.motion at a c onstant 
speed . Isokinetics  allow explosive , high-speed muscular ac -
10 tivity to increase  strength . 
I s ometric C ontrac tion 
An isometric c ontraction is  a c ontraction in which 
the muscle  does  not shorten . No  movement is produc ed and no 
. . f 1 1  worK i s  per ormed . 
I s otonic C ontraction 
An isotonic c ontraction shortens the muscle against 
9Ibid . ,  p .  2 8 8 . 
10RickHall ,  Athletic Trainer; opini ons expressed in 
an address , ( "Which to Use  and When to Us e I s otonic , I s omet­
ric  or  I sokinetic Exercis es" ) at the Great Lakes  Athletic 
Trainers Association C onvention , Distric 4, Holiday Inn ,  
Perrysburg, Ohio, March 1 6 ,  1 979 . · 
11Morehouse , Miller , op . cit . , p .  309. 
1 0  
a load which allows movement and the performance of work.1 2 
Muscle Action Potential 
A muscle action potential is the electrical activity 
occurring in muscle tissue during contraction.13 MAP is an 
abbreviation for muscle action potential. 
Max Weight 
Max weight is the maximum amount of weight that the 
subjects could lift on knee extension to 180 degrees for one 
performance. This was established by trial and error at the 
first meeting� 
Motor Point 
The motor point is that part of the muscle where im­
pulses are conducted.14 This was found to be in the belly 
of the muscle. Synonyms for motor point are motor end plate 
and neuromuscular junction. 
Motor Unit 
A motor unit is composed of the neuron and its axon 
and the muscle fibers supplied by the branches of the ax­
on. 15 
12Ibid. 13DeVries, op. cit., p. 286. 
14Esther M. Greisheimer, Physio·logy and Anatomy 
Practical Considerations, (Philadelphia, Pennsylvania: 
L!ppincott Company, 196J), p. 211. 
15DeVries, op. cit., p. 15. 
With 
J . B  • 
11 
Physiograph 
A physiograph was a machine used to record the muscle 
action potential of the vastus medialis. 
Slant Frame 
A slant frame as shown in Figures 2 and 3 was a 
piece of apparatus us ed in this s tudy s o  that the subjec ts 
would be  able to identify 15 degree s  of  flexion and exten­
sion during performance o f  Exerc ise B. This apparatus con­
sisted of two wooden frames braced to gether s o  that the top 
of the apparatus was slanted at 15 degrees . After the firs t· 
extens ion phase, the res earcher s trung the ropes acro s s  the 
frame s o  that during the firs t flexion phase the subje c t's 
back of leg would touch the rope . When the subjec t  felt the 
rope on the back o f  her leg, s he knew she had flexed 15 de­
gre e s . During the s e cond extens ion phase the researcher 
dropped the rope s so that the s e cond flexion phas e of  90 de­
gre es  would be reached . 
Volt-Ohm-Milliammeter 
A volt-ohm-milliamme ter was a small battery operated. 
pie c e  of  equipment which was used-to measure the skin resis­
tanc e  for skin preparation . 
12 
15° 
\ 1-------2611 ------1 
Figure 2 
Slant Frame - Lateral View 
r 
18" 
l 
24 Ji" ( 
Figure 3 
Slant Frame - Anterior View 
Chapter 2 
REVIEW OF RELATED LITERATURE 
The l iterature was reviewed to provide related in­
formation pertaining to the study. Included in the review 
was the value of therapeutic exercise; isolating the vastus 
medialis; aspects of therapeutic exercise which included in­
formation on equipment and repetitions of exercise; eccen­
tric and concentric contractions; isokinetic, isometric and 
isotonic exercises; stabilization; and electromyography 
which presented information on the history of electromyo­
graphy, e lectromyographical techniques, and interpretation 
techniques. 
VALUE OF THERAPEUTIC EXERCISE 
Therapeutic exercise for the quadriceps femoris mus­
cle group, in general, has been advocated for the prevention 
and rehabilitation of knee injuries. Common knee injuries in 
athletics are ligamentous in nature. According to DeLorme, 
strength in the supporting muscles which cross the knee 
joint gives stability to the kne e.1 The quadriceps femoris 
1 T.L. DeLorme, "Restoration of Muscle Power by Heavy 
Resistance Exercises, " Journal of Bone and Joint Surgery, 
XXVII (1945), p. 657. 
1J 
14 
play an important role in fighting trauma to the knee. Con­
sequently, Perrin explains, if the quadriceps femoris are 
weak, the knee must rely solely on the other muscles that 
cross the knee joint and the cruciate and collateral liga­
ments. 2 Under these conditions of partial strength, the 
foundation of the knee is weakened and it is vulnerable to 
trauma which could inflict structural damage. Therefore, 
strength development in the quadriceps femoris is indicated 
to prevent knee injuries and to rehabilitate fully the in­
jured knee. 
Abbott and Kress conducted a study with West Point 
Cadets to study the prevention of knee injuries with pre-sea­
son and in-season strength programs. J Cadets who had pre-
vious histories of knee injuries were administered an isomet-
ric strength program of exercises which concentrated on their 
lower extremities. The exercise program consisted of a warm-
up session of bench stepping, followed by isometric knee ex-
tensions against a wall at 105 and 150 degrees, toe rising, 
knee flexion and extension by use of a pulley system and hip 
and knee extensions.4 In addition to the strength program, · 
the cadets were allowed to participate in intercollegiate and 
2David H. Perrin, M.A., "A Comparison of Two Methods 
of Developing Quadriceps Muscle Strength, " Orthopaedic/Sports 
Medicine, III (Winter, 1978) ,  p. 4. 
JG. Abbott, B. Kress, "Preconditioning in the Preven­
t ion of Knee Injuries," Archives of Physical Medicine and Re­
habilitation, L ( June, 1969),  p. J26. 
4
Ibid, , p. J28. 
15 
intramural athletics. Concluded from the study was that the 
lack of major knee injuries suggested the value of the 
strength program in the prevention of further knee injuries. 
ISOLATING THE VASTUS 'MEDIALIS 
Research has paved the way for much controversy con­
cerning the selective function of each individual quadriceps 
femoris muscle, The vastus medialis and its function is the 
predominant instigator of the controversy, There are beliefs 
that the vastus medialis functions mainly in the last 15 de­
grees of knee extension.5 Because of this selective function 
some researchers feel that strength to the vastus medialis 
is essential for maximum knee joint stability. Therefore 
these researchers would base their therapeutic exercise pro-
gram to concentrate on the final extensor force to strengthen 
the vastus medialis. 
Some studies have shown that there is no selective 
function of the vastus medialis. It would be the reeling 
here that the quadriceps femoris muscle group functions as a 
unit throughout the range of motion in knee extension. 6 
In 1945, DeLorme organized a strength program using 
knee extension in which he emphasized complete extension with 
5M, Wheatley, W. Jahnke, "Electromyographic Study of 
the Superficial Thigh and Hip Muscles in Normal Individuals, " 
Archives of Physical Medicine, (August, 1951), p. 513. 
6G.S, Pocock, "Electromyographic Study of the Quadri­
c eps During Resistive Exercises, " Journal of the American 
Physical Therapy Association, XLIII ( 196 3), p. 433. 
16 
each repetition because he felt that the vastus medialis 
functions chiefly in the last 15 degrees of extension.7 
Through the use of electromyography, in 1951, Wheat­
ley and Jahnke studied the superficial thigh and hip muscles 
and found that the rectus femoris initiated leg extension 
and the vastus medialis and vastus lateralis showed the · 
greatest activity in the last stages of the range of mo­
tion. 8 The electromyography in this study showed that the 
vastus medialis also exerted greater activity when the knee 
was held in extension than did the other components of the 
quadriceps femoris. 9 This study of leg extension through 
the use of electromyography was done on individuals who had 
not had knee injuries or were not involved in a strength 
training program. 
It wasn't until 1963 when another major study was 
completed that the disagreement concerning the function of 
the vastus medialis evolved. Pocock studied the quadriceps 
femoris using electromyography and found that there was no 
distinctive timing of the individual activities of each head 
of the quadriceps femoris on knee extension. 10 The muscles 
which were measured according to their electrical activity 
with electromyography were the rectus femoris, vastus medi­
alis and vastus lateralis. The following exercises were 
7neLorme, op. cit. , p. 646. 
8Wheatley, Jahnke, loc. cit. 
10Pocock, loc. cit. 
studied: 
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1. Active knee extension with no weight load. 
2. Knee extension with a Noland-Kuckhoff Table, the 
exercise bar was arranged for decreasing and increasing re-
sistance as the knee extended. 
J. Knee extension with a Storm's quadriceps exer-
cise board which has pulley lifts. 
boot. 
4. Knee extension with an adapted pulley system. 
5. Knee extension with a conventional pulley system. 
6. Knee extension with a DeLorme quadricep exercise 
7. Maximum isometric quadricep contraction with the 
knee in full extension studied in the sitting and supine po­
sitions. 11 
Pocock disputed through lack of convincing evidence that the 
vastus medialis contracts strongly only in the last 15 de­
grees of extension. Electromyography registered similar ac­
tion potential patterns throughout the entire range of motion 
for the rectus femoris, vastus medialis and vastus lateralis. 
In 1968, Lieb and Perry studied amputated limbs ana­
tomically and mechanically in lqiee extension to determine 
whether the vastus medialis provides the final extensor force. 
By using 22 cadaver specimens, they were able to identify the 
direction of pull from each quadriceps muscle. Each cadaver 
had not had knee surgery or a knee problem during life. 
11Pocock, op. cit. ,  p. 428 . 
18 
Through a pulley system and a weight attached to each head 
of the quadriceps muscles, they were then able to determine 
an effective force from the desired degree of extension. 
Their conclusions suggested that the only selective function 
attributable to the vastus medialis was patellar alignment. 12 
Through an anatomical analysis, they inferred that the early 
visual atrophy of the vastus medialis following injury was 
attributed to a generally quadriceps femoris weakness. The 
differences between the vastus medialis and the other compon-
ents of the quadriceps femoris are the thinness of the fas-
c ial covering of the vas.tus medialis and the extreme obliqui­
ty of its fibers. 13 These two factors accentuate the defini­
tion of the vastus medialis during contraction. Although all 
the quadriceps femoris muscles atrophy following injury, the 
lack of prominence of the vastus medialis is noticed first 
due to its composition. 
In 1971, Lieb and Perry did another electromyograph-
ic study of quadriceps function under isometric conditions. 
Using frequency as the measure of muscle effort and disre­
garding amplitude on the interference pattern, they found 
that the only difference in the activity of the vastus medi-
alis was that its action potential count was consistently two 
12F. J. Lieb, J. Perry, "Quadriceps Function, An Ana­
tomical and Mechanical Study Using Amputated Limbs, " Journal 
of Bone and Joint Surgery, L (December, 1968), p. 1547 .  
13rbid. , p. 1546 . 
19 
times greater than the other quadricep muscles.14 They felt 
that they could not attribute selective function to the vas­
tus medialis. Again, Lieb and Perry referred to the miscon­
ception concerning selective function of the vastus medialis 
in the final 15 degrees of extension. In this study, they 
explained that due to knee injuries, the quick visual atro­
phy of the vastus medialis occurs along with the subjects 
inability to reach full extension. Therefore, because of 
the occurrence of these two factors together, it is often 
associated that the vastus medialis muscle alone is respon­
sible for the final extension phase of the knee.15 
In direct contrast to Lieb and Perry, Klein blames 
the quick atrophy of the vastus medialis post-injury on 
walking with the knee in partial flexion.16 Klein believes 
that walking in partial flexion causes improper function of 
the vastus medialis. He calls the vastus medialis the "key 
to support of the knee" and should be seriously concentrated 
on during rehabilitation of the knee.17 
Bos and Blosser undertook an electromyographic study 
of the vastus medialis and vastus lateralis during perform-
14F.J. Lieb, J. Perry, "Quadriceps Function: An 
Electromyographic Study Under Isometric Conditions,'' Journal 
of Bone and Joint Surgery, LIII (June, 1971), p. 757. 
l5Ibid., p. 749. 
16K.K. Klein, The Knee in Sports, (Austin, Texas: 
Pemberton Press, 1971), p. 5. 
l7Ibid., p. 5. 
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ance of three isometric exercises (1970). 18 Data was col­
lected on 16 adult males. These individuals were physically 
active and ranged in ages from 19 to J8 years. 
Each individual was administered six cable-tension 
tests to provide some basic data and a frame of reference 
for the e le ctromyographic evaluation before they were tested 
on the three isometric exercises. 
The following is a description of the three isomet­
ric exercises which were tested by Bos and Blosser: Exer­
cise one consisted of a standing position with feet shoulder 
width apart, parallel and pointing straight ahead. The sub­
je ct then forcibly extended both knees, pulling up on the 
patella with a maximal contraction of the quadriceps femoris. 
Exercise two required the subject to stand with the right 
lower extremity laterally rotated so that the right foot 
formed a 60 degree angle with the left foot. The right hee l  
was placed two inches t o  the right of the ball of the left 
foot. The right foot was held in dorsal flexion so that the 
body weight was on the heel  of the foot. The subject then 
forcibly ext�nded the right leg at the knee joint, pulling 
up on the patella with a maximal contraction of the quadri-
ceps femoris. For exercise three, t.he subject was in a 
standing position with the right lower extremity abducted 
18Ronald R. Bos, Thomas G. Blosser, "An Electromyo­
graphic Study of the Vastus Medialis and Vastus Lateralis 
During Selected Isometric Exercises, " Medicine and Science 
in Sports, II (Winter, 1970), p. 218. 
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so that the right foot was just off the floor. The subject 
stood on the left foot with the aid of a support in front of 
the subject to maintain balance. The subject then forcibly 
extended the right leg at the knee joint by pulling up on 
the patella with a maximal contraction of the quadriceps 
muscles. 
The purpose of studying the three isometric exer-
cises was to compare and determine which exercise would be 
more beneficial for the prevention of knee injuries and the 
rehabilitation following injury and surgery. The exercises 
displayed varying action potentials of the vastus medialis 
and vastus lateralis. They suggested the vastus medialis 
and vastus lateralis aid in medial and lateral stability of 
the knee. 19 
A study by Jackson and Merrifield (1972) used five 
males and five females from the students and faculty at Ith­
aca College. 20 Selection of subjects was not discussed 
other than the fact that none had had a knee injury. Mean 
ages of the subjects were 24.4 years for females and 29.8 
years for males. Muscle action potentials were recorded for 
progressive resistance exercise with a weighted boot at 90 
degrees, during the range of motion of knee extension, and at 
180 degrees extension. 
19rbid. 
20R.T. Jackson, H.H. Merrifield, "Electromyographic 
Assessment of Quadriceps Muscle Group During Knee Extension 
With Weighted Boot, " Medicine and Science in Sports, IV (Sum­
mer, 1972), p. 116. 
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Results from Jackson and Merrifield's study showed 
an increase in the muscle action potential as more weight 
was added. 21 Also, the vastus medialis and vastus lateralis 
showed the greatest muscle action potential in the last 
stages of knee extension. 22 They inferred that the reason 
for the greater muscle action potential in the last stages 
Qf knee extension was due to the larger resistance torque at 
180 degrees because of the length of the load's gravitation­
al moment arm. 23 They did not agree with Wheatley and 
Jahnke that the vastus medialis has a selective function. 24 
Santavirta (1979) undertook an electromyographical 
study on subjects who had medial meniscectomies following 
tears of the medial meniscus. 25 The subjects were six males 
ranging in age from 22 to 56 years. Integrated electromyo­
graphy recorded the muscle action potentials of the vastus 
medialis on knee extensions. The recordings began following 
five seconds of extension for a seven second measurement. 
The integrated electromyographical data was collected once 
preoperatively and at one week, one month, two months, and 
three months post-surgery. All data was compared to the oth­
er, non-surgical leg which served as the control. 
Santavirta attributed the vastus medialis to be pri-
21Ibid. 22Ibid. , p. 118. 
24Wheatley, Jahnke, loc. cit. 
25seppo Santavirta, M. D. , "Integrated Electromyo­
graphy of the Vastus Medialis Muscle After Meniscectomy, " 
The American Journal of Sports Medicine, VII (Jan./Feb., 
1979), p. 4o. 
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marily a stabilizer of the patella.26 He noted that although 
the early atrophy of the vastus medialis was an indication 
of general quadriceps femoris weakness, the restoration of 
the vastus medialis was one of the main problems following 
medial meniscectomy even though the rest of the quadriceps 
femoris had practically reached values of the control leg.27 
He also noticed early fatigue in the vastus medialis on the 
operated leg when compared to the control leg three months 
post-surgery. 28 
ASPECTS OF THERAPEUT IC EXERC I SE 
In order to assign a therapeutic exercise program 
which will rehabilitate fully all the components of the 
quadriceps femoris, the investigation of the action of the 
vastus medialis must continue. There must be additional 
studies that will either support or negate a selective func­
tioning of the vastus medialis. 
There are numerous rehabilitation programs available 
which try to increase strength to the quadriceps femoris. 
Some of these programs attempt to concentrate on overloading· 
the vastus medialis if there is a belief of selective func-
tioning of the vastus medialis. Different types of contrac­
tions, methods of stabilization, repetitions and sets and 
various equipment or lack of equipment have all been studied. 
26Ibid. , p. 42. 
28Ibid. 
27Ibid., p. 40. 
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Equipment and Repetitions 
According to Klein, DeLorme can be considered the 
first researcher to st�dy exercise programs of the quadri­
ceps femoris scientifically.29 DeLorme's progressive resis-
tive exercises with 10 repetitions by using a weighted boot 
has ·led to many similar programs with modifications that are 
in use today.JO He advocated the function of the vastus me­
dialis in the last 15 degrees of knee extension. If full 
extension could not be reached during the regular quadricep 
program, then only "terminal extension exercises" were per­
formed. Ji Terminal extension exercises consisted of repeat-
ed exercise in which the only range of motion was in the 
last 15 to 20 degrees until the vastus medialis had built up 
sufficient strength to continue in the regular heavy-resis-
tance and low-repetition exercises. 
Pocock studied knee extension using various types of 
equ.:_pment ranging from different pulley systems, exercise 
boots and isometric contractions to determine the influence 
of different tension forces on the muscle action poten­
tial. J2 He observed that at varying tensions, the interfer­
ence pattern was not affected other than the coorelated in-
29· Klein, op. cit., The Knee in Sports, p. 75. 
JODeLorme, op. cit. , "Restoration of Muscle Power by 
Heavy Resistance Exercises, " p. 648. 
JlKlein, op. cit., p. 91. 
32Pocock, op. cit. , "Electromyographic Study of the 
Quadriceps During Resistive Exercises, " p. 427. 
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crease or de crease of the overall amplitude of the interfer­
ence pattern. JJ 
Lack of knee injuries following a strength program 
of bench stepping, isometrics and isotonic exercises to West 
Point Cadets would indicate the value of stre�gth programs 
for the lower extremity but did not advocate one type or 
phase of movement over another.3
4 
Jackson and Merrifield utilized the weighted boot 
for an electromyographic assessment of the quadriceps femor­
is muscle group during knee extension. They tested five 
males and five females at 9 0  degrees, movement throughout 
the range of motion of knee extension and at 18 0 degrees to 
determine the muscle action potential of the rectus femoris, 
vastus medialis and vastus lateralis. They inferred that 
the weighted boot was detrimental to the ligamentous struc­
ture of the knee when the knee was fiexed to 9 0 degrees. 35 
With a support under the weighted boot at 9 0 degrees 
flexion, Perrin found no difference between extensions with 
a weighted boot and a Universal Gym knee extension table.36 
Both types of equipment produced similar muscular activity 
33rbid.' p. 4J4. 
J4Abbott, Kress, loc. cit., "Preconditioning in the 
Prevention of Knee Injuries." 
J5Jackson, Merrifield, op. cit., "Electromyographic 
Assessment of Quadriceps Muscle Group During Knee Extension 
With Weighted Boot, " p. 116.  
J6Perrin, op. cit. , "A Comparison of Two Methods of 
Developing Quadriceps Muscle Strength, " p. 6 .  
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in the quadriceps femoris . 
Eccentric and Concentric Contractions 
Some rehabilitation programs employ various move ­
ments of the toes ,  foot , ankle and hip in order to  strength­
en the quadriceps femoris .J7. Basma j ian studied the e ffe ct 
o f  these  movements through ele ctromyography on 11 women and 
found the results t o  be unrel iable . 38 Movements of the toe s ,  
foot, ankle and hips did not augment the act ivity of the 
quadriceps femoris . Basma j ian found that the most motor 
unit activity was.when the subj e ct actively performed exten­
s ion of the kne e  against res istanc e  during motion . 39 Dur­
ing this study, he noticed that c oncentric actions caused 
more e le ctrical act ivity than e cc entric c ontract ions. 40 
Ostrom, in his  experience  with knee rehabilitat ion 
has not iced that e ccentric training programs were more ef-
fect ive in produc ing force than concentric  training pro­
.grams. 41 This observat ion required s c ientific study which 
was lacking by Ostrom . 
In an address  on rehabilitat ion ,  Hall advocated the 
use of an e c centric strength contract ion if the musc le was·  
. 
37J . V. Basma j ian , M . ff . , Mus cles Alive, Their Func-
t ions Revealed by Electromyograph�, 2nd ed . (Baltimore :  The Williams and Wilking Co . , 19 7) , p .  220.  
JSibid. J9Ibid., p .  21 . 40rbid. 
41R.C. Ostrom, "Knee Rehabilitation Following Surgi­
cal Procedure s , " Phys ical Therapy, LVII (De cember, 1977), 
p. 1376. 
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t o o  weak t o  perf'orm c oncentri c  c ontract ions.42 This was a 
statement made on rehabilitat ion in general and the aim was 
t o  rehab il itate an in j ured body part as s o on as  pos s ible 
f'oll·ow ing the in j ury re gardles s  of' the amount of' s trength 
already po s ses s e d  by the inj ured part . 
Isokjne t i c, I s ometric and I s otonic Exer c i s e  
Follow ing a serious in j ury o r  surgery t o  the knee, 
the athlet e  i s  not able to act ive ly extend the lower leg. 
Many t ime s extens i on of' the knee is de tr imental t o  the in­
jury during the rehab il�tat ion pro c e s s  s o  stra ight leg exer-· 
c is e s  are perf'orme d. Some of' the more c ommon straight leg 
exerc ises are quadr iceps s e tting and stra ight leg ra ises . 
Quadr ic eps s e tt ing can be perf'ormed immed iate ly f'ol­
l ow ing in j ury or surgery t o  the kne e . Quadriceps sett ing 
c ons ist s of' an is ometric c ontract ion of' the quadri c eps f'e­
moris wh ile the athle t e  is s itt ing in a stra ight leg po s i-
. ti on. The goal in quadriceps s e tt ing is t o  f'latten the pop­
liteal space aga inst the f'lo or during the c ontrac t i on s. Ab­
b ington, Baxter, Koepke , and Christ opher f'ound quadri ceps 
sett ing to be unif'ormly best in the vastus me dialis in their 
electromyographi c  evaluat ion as c ompared with the other 
42R i c k  Hall, Athle t ic Tra iner, op in ions expre s se d  in 
an addre s s , ("Wh ich to Use and When to Us e I s ot onic, Is ome t ­
ric o r  I s oki.."1.e t ic Exercise s") at the Gre at Lakes Athlet ic 
Tra iners A s s o c iat ion Convent ion, D istric 4, Hol iday Inn, 
Perrysburg, Oh io, March 16 , 1979 . 
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quadr iceps femori s  mus c les . 43 Quadri c eps sett ing is  an iso-
metri c  exerc ise .  
Straight leg rai ses are i s oton i c  exerc ises in whi ch 
the �traight leg is  lifted dur ing h ip flex i on . The leg it ­
self may be enough we ight for the athle t e  t o  l ift against 
gravity or manual res istance may be appl ied at various pla c e s  
o n  the leg . Abbingt on, Baxter, Koepke and Christopher no ­
t iced more ele ctrical act ivity o c curr ing in the quadriceps 
femoris dur ing manual re s istan c e  with stra ight leg ra i s e s  
than dur ing performan c e  of quadri c eps s e t t ing o r  stra ight 
1 . "th t 1 . .  t 44 eg rai ses wi ou manua re sis anc e . 
Three s tra ight leg is ometr i c  exerc is e s  in vari ous 
p o s it ions were studied by Bos and Blo s s er with an emphas is 
on the mus c le act ion potent ial of the vastus me d iali s  and 
vastus laterali s . 45 Although the thre e ac t iv it ie s  produced 
varying a c t i on potent ials in the vas tus me d ialis, there was 
n o  s ignificant evidence wh ich would advocat e one exerc i s e  
·over anothe r . 4
6 A general c on c lus ion c on c erning the u s e  of 
is ometric exerc i se was that it was a practical way to in­
crease the s trength of the vastus med ial is and va stus later-. 
4JR . O .  Abb ingt on, M . L .  Baxter, G.H . Koepke, R . P .  
C hr i st opher , "Strengthen ing Techn ique s of the Quadr icep s  Mus ­
cles: An Ele ctromyograph ic Evaluat ion, " Journal of the Amer­
i can Phys ical Therapy A s s o c iat ion, XLVI (1966), p .  1175. 
44Ibid . ,  p .  1176 . 
45B o s , Blos ser, op . c it . ,  "An Ele ctromyograph ic Study 
Of Vastus Me d ialis and Vas tus Lat eral i s  Dur ing Selected I s o ­
metric Exerc i s e s, " p .  219 . 
46Ib id . , p. 222 . 
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alis s ince no e qu ipment is needed . They rec ommended the use 
of max imal is ometric c ontra c t i on of the quadriceps femoris 
aga inst res istance wh ich would probably re sult in greater 
act iv ity and therefore, development of the vastus med ial i s  
and vastus lateral i s .
47 
Another op in i on of rehab il itat ion is t o  make use of 
i s okinet i c, is ometr ic and is.otonic c ontract ions s ince the 
benefits of each can be found in the performance of sport . 48 
Perhaps the benefit of each form o f  c ontract ion worke d in 
the rehab il itat ion phase will c ontr ibute s ome t ime in the 
performance of sport . Where one form of exerc ise c ontract ion 
i s  advantageous , it may lac k  a pr inc iple of rehab ilitat ion 
that another type of exerc ise can g ive .  For example, app l i ­
cat ion o f  an isotonic rehab ilitat ion program will not lend 
the benefit s of the explo s ive speed that advo cat ors of i s o ­
k ine t i c s  demand .
49 
Stabilizat ion 
A strength program is of no value unle s s  the mus cle 
group t o  be worked i s  isolated and there by worked t o  it s op ­
t imum . In order t o  isolat·e the quadri c eps femoris .  for kne e 
extens ion, the bac k  should be stab il i z e d  s ince gre ater mus ­
C1:J.lar force can b e  produced when max imum stab il i zat ion i s  
provided.5 0 
47 Ibid . 48Hall, 1 • t  O C . C l.  • 
5 oH. M . Mendler, " Effect of Stab ili zat ion on Max imum 
I s ometric Knee Extens ion Force, " Phys ical Therapy, XLVI I 
( 1967 ), p .  377 . 
J O  
Currier tested 5 0  normal sub j e ct s, 2 0  men and J O  wo ­
men, t o  determine the effe ct of' ba ck stab il i zat ion on i s o ­
metr i c  knee ext ens ion exerc i s e s.51 The sub j e c t s  were mea -
sured a t  100 , 110, 120 , and 1J O degre e s  of hip extens i on 
with a tens iometer to determine the kne e ext ens or force. 5 2 
He suggeste d that back stabil i zat i on betwe en 110 and 1J O de ­
gree s of' h ip extens ion provided the opt imal workout.5J 
ELECTROMYOG RAPHY 
Electromyography is a te chn ique for re c ord ing o f  
mus c le act ion ·potent ials b y  u s e  o f  a high ga in amp l ifier 
w ith a �en-writ ing re c order.54 
A mus c le act ion p otent ial is  re c orded by ele ctromyo ­
graphy when a mot or un it is act ivated. An electrical d i s -
turbanc e  pas s e s  from the anter ior horn c e ll, down the axon 
to the neuromus cular j unct ion whe re a l iberat ion of' chemi­
cal s init iate a wave of exc itat ion along e a ch mus cle f iber 
wh ich c ommand the mus cle fiber t o  c ontract . 55 The mus c le f i -
ber act ion p otent ials represent the motor unit act i on p oten-
t ials which be c ome the e le ctrical act iv ity d isp la�ed by the · 
51n . P . Currier , " Po s it i oning for Knee Strengthening 
Exerc ises, " Phys i cal Therapy, · LVI I  ( Fe bruary , 197 7) , p. 148 .  
52Ibid . 5J i b id. , p 151 .  
54Basma j ian, op. c it . ,  Mus c le s Alive , The ir Funct ions 
Revealed by Ele ctromyography, pp. J7 , 44. 
55Frank Krusen, M . D . ,  Fre deric J. Kottke, M . D . , Paul 
M .  Ellwood, Jr. , M . D . ,  Handbo o k  for Phys i cal Me d ic ine and Re ­
habil itat ion, ( Ph iladelph ia : W . B .  Saunders C o, 1965 ) , p .  19J . 
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electromyograph when an e lectrode is monitoring those part i ­
cular mot or unit s . 5
6 
History of Ele ctromyography 
Ele ctromyography would not exist t oday if man had 
not que st ioned the funct ion of mus cles . Th is can be tra c e d  
as  far back as Ar istotle and up t o  t h e  e ighteenth century 
when Galvani d i s c overed that mus c les produ c e  e l e ctri c it y . 57 
However ,  it wasn ' t  unt il the twent ieth century that s c ien­
t is t s  improved the re c ord ing and dete ct ing of minute e le c ­
trical d i s charges from mus cl e s . 58 A t  th is t ime e l e ctromyo ­
graphy was u s e d  ma inly for d iagno st ic and c l ini cal applica­
t ions . Afte r  World War I I  e lectromyography be came more func­
t ional for use by anat omist s and kine s iologist s . 59 From 
that t ime on , e le ctromyography has be en involved in numerou s  
re s e arch stud ies t o  invest igate mus cular funct ion .  
Ele\tromyograph ical T e chnique s 
Apparatus re qu ired for e l e ctromyography inc lude s an 
e le ctromyograph and e lectrod e s . Ele ctromyographs are varied 
in the ir s oph i s t i cat ion of re cord ing mus c le act ion p otent ial s 
w ith an array of p o s s ible ac ces s orie s .  All ele c tromyographs 
c ons ist of an amp l ifier , c ontrol unit , and p ower supply 
unit . 6 0 Some e lectromyographs al s o  p o s ses s o s c illo s c op e s ,  
l inograph cameras and photograph i c  film , FM re c order for s ig-
56r b · d  57 B . . "t 4 5 i . asma J  ian, op . c i • , pp . , • 
5B i b id . ,  p .  5 .  59Ibid . , p .  6 . 
60r b id . , p .  38 . 
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1 d . kw • t •  d 61 na s an in ri  ing re cor ers . 
Muscle act ion potent ials are transmitted from the 
motor unit t o  the e le ctromyograph by e le ctrode s .  There are 
basically three type s of ele ctrode s in usage . The s e  are 
surface ele ctrode s ,  needle ele ctrode s and fine -wire e le c ­
trode s. 62 
Surface  e le ctrode s are placed on the skin over the 
mus cle which is to be monitored . Adhe s ive washers on the 
electrode s enable them to remain in place . The e le ctrical 
re s istance must be lowere d  to practical leve ls to insure the 
e le ctrical insulat ion between the mus cle and e le ctrode . It 
is sugge sted that 3 , 000  ohms is  adequate for most re search 
stud ie s . 63 The removal of the dead surface layer of skin 
along with its prote ct ive o ils reduce s  res istance . 64 This is 
accompl ished by abrading the skin with fine sandpaper. Sur-
face ele ctrode s are c onvenient t o  use , however,  they can be 
used only with superfic ial muscles  and the monitoring area 
is non-d iscrete. 65 
The s e c ond type of e lectrode is the needle ele c ­
trode . The nee dle e le ctrode which is a hollow needle with a 
wire is  inserted into the . mus cle and rema ins in place unt il 
p . 197. 
61 B • • 1 . t· . 1 . K . t asma J ian , oc .  c i  . ;  see a s o  rus en , op. c i  . ,  
62Krusen ,  op. c it . , p. 195. 
63B . . . t 24 asmaJ ian , op. c i  . ,  p . . 
6.5rbid. , p .  25 . 
64rbid. 
JJ 
the data is c ollected .
66 
D isadvantage s  in re search s tudies 
for the needle ele ctrode i s  that it re spond s only t o  a small 
representat ion of the t otal mus c le be caus e of it s lo c al area 
of monitoring .
67 Krusen als o p o ints out that the re i s  s ome 
reduct ion on the ampl itude o f  the mus c le ac t i on p otent ial 
with the needle electrode.
68 Needle e lectrode s mus t  be 
s teril i zed be fore usage and the y are s omewhat pa inful s ince 
the y  must rema in in jected int o the mus cle dur ing the .c o lle c ­
t ion of data .
69 
The th ird type of electrode i s  the f ine -wire e lec -
trode . The f ine -wire elec trode c ons i st s  of a f ine-wire 
whi ch i s  inserted int o the mu s c le by a ne e d le . 7 ° The nee dle 
is remove d wh ich allows the electrodes to rema in in place in 
the mus c le unt il the test ing is c omplete d. The only pain in ­
volved in the usage of f ine-wire ele c trode s is  the punc ture 
from the needle at the in it ial ins ert ion of the e le c trode.71 
The advantages of us ing fine-wire ele ctrode s  inc lude the ease 
· 0 f  implant ing and withdrawing the ele ctrode s ,  the y give an 
a c curate ind i cat i on of act ivity in s ingle mus c le s  and the y 
are broad in the ir p i ck-up from a spe c if i c  mus c le . 7 2  
66
B · · " t 26 1 Kr asma J 1an , op . c 1  . ,  p .  ; see a s o  usen , op . 
c it . , p .  195. 
67B . . " t  27 asma J 1an , op . c 1  . ,  p .  • 
68Kr 1 • t  69B . .  usen , o c . c 1  • asma J 1an , 
7 0ibid. , p .  J4. 7 l ibid. 
7 2I b id . , p. J2. 
loc . c it .  
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Interpretat ion Technique s 
Ele ctromyography when re c orded by a pen-writ ing ap-
paratus produce s an interference pattern. The re c orded mus ­
cle act ion potentials are then examined so  that c onclusions 
can be made concerning the activity of the mus c le -which was 
studied.  There are numerous methods which re searchers em­
ploy in examining an interference pattern in order to  arrive 
at an arbitrary quant itat ive figure for e stablishment of re ­
sults .  73 
Basmaj ian suggests  a method of c ount ing spike s on 
the interference pattern .?4 This method · was employed by Lieb 
and Perry ( 197 1 )  in an ele ctromyographic study of quadriceps 
funct ion.75 They felt they c ould measure mus c le effort by 
c ount ing the number of mus c le act ion potent ials/unit of t ime 
in order to  quant ify the ir results . 
Another method de scribed by Basmaj ian is a summat ion 
of the spike s ,  he ight and type o f  spike produced on the in­
terferenc� patter�.76 Following this procedure , a c lass ifi­
cat ion system is  employed to evaluate the results of the in-
73Abbington , Baxter , Koepke , Christopher , op . c it . , " Strengthening T e chniques of the Quadriceps  Muscle s :  An 
Ele ctromyograph ic Evaluat ion , " p. 1 173 ;  see  also Basmaj ian , 
op. c it . , pp. 46 , 47 ; see  also  Jacks on , Merrifield , op . c it . , 
" Electromyographic  Asse s sment of Quadr iceps  Mus cle Group Dur­
ing Knee Extens ion With We ighted  Boot , " p .  1 17 ; see  also Lie b ,  Perry, op. c it . , " Quadriceps  Funct ion : An Ele ctromyo­
graphic Study .Under I s ometric Cond it ions , "  p .  753 . 
74B . . . " t  46 asmaJ ian , op. c i  . ,  p. • 
75Lieb ,  Perry, loc.  c it .  
76Ba . . • t  47 smaJ ian , op . c i  . ,  p.  • 
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t erference pattern .  Bos  and Blo s s er ut il i zed a form o f  th is 
method in the ir e le ctromyograph ic s tudy o f  is ometr ic exer­
c ises on the vastus me dial is and vastus lateral i s . 7 7  They 
dev i s e d  a s e ven po int numer ical s cale t o  evaluate the amp l i ­
tudes produ c e d  o n  the inte rference pattern . 78 
Measur ing ampl itude s and c ount ing frequenc ie s i s  an­
o ther method o f  interpret ing the data produ c e d  by e le ctromy­
ography . This me thod was u s e d  by Abb ingt on, Baxter, Ko epke, 
and Chr ist opher in an e le ctromyograph i c  evaluat ion of 
s trengthening t e chnique s of the quadr iceps mus c le s . 79 They 
e stabl ished a quantitat ive f igure following measurement of 
spike s and frequen c i e s  by mult iplying amp l itud e  t ime s fre -
. th . 1 t "  8 0 quency in eir eva ua ion . 
Jacks on and Merr ifie ld c ompleted an e le ctromyograph-
ic evaluat ion of kne e  extens ion with a we ighte d bo ot by uti­
l i z ing the mus cle act ion potent ial intens ity value s and av­
eraging the peak defle ct ions . 8 1 The ir value s were expre s s e d 
. . lt 8 2 in microvo age . 
Basma j ian dis cus s e d  use  of ve ctor analys i s  for d i -
77 Bos, Blo s se r, op . c it . , "An Ele ctromyograph i c  
Study o f  Vastus Med ialis and Vastus Lateral i s  Dur ing Sele ct­
ed Is ometric Exer c is e s, " p .  220 . 
7B i bid . 
79Abb ingt on, Baxter , Koepke, Christ ophe r , l oc . c it . 
8 0 r b id . 8 1 Jacks on, Merrifie ld, l o c . c it .  
8 2Ibid . 
rect examinat ion of interference patterns. 83 Ve ctors are 
applied to  the mus cle act ion potentials in order to  e stab-
1 .  h t • t  t •  f .  84 is  a quan 1 a ive igure . 
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Ele ctromyography can also be quant ified by use of an 
integrator . 85 An integrator is an ele ctronic devic e  which 
use s  the variable s of amplitude , frequency and sp ike shape 
to  produce a quant itat ive figure for evaluat ion . 86 An inte -
grater give s an immed iate numerical read- out and doe s not 
requ ire examinat ion of an interference  pattern . Santavirta 
utilized integrated ele ctromyography in his evaluat ion of 
the vastus  med ial is following menisce ctomy . 87 
SUMMARY 
The review of related literature encouraged thera-
peut ic exerc ise  for the quadriceps femoris in order to  g ive 
stability to the knee . The c ontroversy concerning a pos s i­
ble selective funct ion of the vastus medial is  in knee exten-
s ion presented  conflicts  in determining the appropriate 
therapeut ic exerc ise program for the deve lopment of strength 
to  each quadricep mus cle . Factors which entered  into thera­
peut ic  exercise  programs included the sele ct ion of appro­
priate equipment ; .the number of sets  and repet it ions to be 
8JB . . asmaJ ian , op . 
S5Ibid. , p. 47 . 
c it . , p .  48 . 
86rbid . 
84r bid. 
87 Santavirta , loc.  _c it . , " Integrated Electromyo­
graphy of the Vastus lVIed ialis Mus cle After lVIeniscectomy. " 
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worked ; the type of mus cular c ontract ion des ired such as e c ­
centr ic or c oncentric c ontract ions ; whe ther to use i s okine t ­
i c, is ometric o r  is ot onic exerc i se s ; and i s o lat ing the mus ­
c le group to be worked by stabil i z ing the appropr iate body 
part . 
Ele ctromyography can be used t o  evaluate the effect 
an exerc i se has on the activity o f  a mu s c le .  Electromyo ­
graphy will re c ord the mus cle action potent ial o f  a mus c le 
during c ontract ion . The interpretat ion o f  the interference 
pattern produced dur ing mus cular act ivity was an aid in 
evaluat ing the exerc ise and it s effe ct on the mus c le . 
Chapter J 
METHODOLOGY 
The sub j e ct s , method s , t e st s ,  instrument s ,  c olle c ­
t i on o f  data , s tat ist ical pro c edure for analyz ing data and 
de s ign of the s tudy t o  c ompare the e ffe ct that two therapeu­
t ic exerc ise s have on the mus c le act ion potent ial of the 
vas tu s  medial i s  have be en pre s ent e d  in th i s  chapter . 
SUBJECT S 
The sub j e ct s  who part i c ipated in th is study were fe ­
male athlet e s  from the fall and winter inte rc olleg iate var ­
s ity athlet i c  teams a t  Eastern Illino i s  Univers ity ,  Charle s ­
t on ,  Illino is . 
All female athle t e s from the f ie ld h o cke y ,  volley­
ball , cro s s  c ountry, tenn i s , basketball , swimming , and bad ­
mint on teams were s creene d  by viewing the ir pre - s e a s on and 
previous phys ical examinat i ons g iven by the Eastern I ll ino i s. 
Univers ity Health Service t o  determine whe ther they had had 
an in j ury with in the past year wh ich had d isabled them from 
a pra c t i c e  or game . Regardle s s  of the extent of re c overy 
from an in jury , the se athle t e s  were not ac ceptable . Al so , 
any athle te who had a h i s t ory of kne e inj ur ie s  was not e l i­
g ible for part ic ipat i on in the study . 
J8 
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Following the init ial s creening pro c e s s , 57 athle te s 
were found el igible for the study . Letters were s ent t o  25 
of the s e  e l ig ible female athlet e s  who were s e le ct e d  at ran­
d om from the group o f  57 . The letters re que s t e d  the ir par­
t ic ipat i on in the study . The athle t e s who re sp ond e d  t o  the 
letters numbe red 1 1 . The se athle t e s be came the sub j e ct s  for 
the s tudy . 
Of the 1 1  sub j e ct s , two were fie ld ho ckey players , 
three were volleyball players , two athle t e s  played tennis o f  
whi ch 0ne of the s e  was als o  a badmint on playe r ,  one athlete 
played badminton only , two basketball players part ic ipated , 
and one swimmer was involved in the s tudy . No cro s s  c ountry 
runners made the rand om sample . 
Of the 1 1  sub j e ct s ,  all had part i c ipated in the ir 
sport throughout the ir c ollege care e r  re gardle s s  of the ir 
year in s cho o l . The study invo lved one fre shman , three 
s oph 0more s ,  four j un i ors , and thre e s en i ors . 
The athle t e s  ranged in age from 1 9 t o  23 year s . The 
, mean age was - 20 . 68 years . 
He ight and We ight 
The he ight o f  the sub j e ct s  ranged from 6 2  inche s t o  
71 inche s .  The mean he ight was 65 . 9 0 inche s .  
The we ight o f  the sub j e ct s  range d from 1 15 p ounds t o  
145 p ound s . The mean we ight of the sub j e ct s  was 1 29 . 9 0 
pound s . 
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ME'T HODS 
This s tudy re qu ired the sub j e ct s  t o  att end two me e t ­
ings . The first me e t ing was f o r  the purp o s e  of determin ing 
each ind ividual ' s  max imum we ight that they c ould l i ft in 
kne e extens ion from 9 0 degre e s  t o  1 8 0  degre e s . · The s e c ond 
me e t ing was when the data was c olle c t e d  by e le ctromyo graphy .  
Both mee t ings o c curre d in the Lant z Tra ining Ro om at 
Eastern Illino i s  Un ivers ity at var ious t ime s betwe en 8 : 0 0 
a . m . and 1 : 0 0 p . m . The sub j e ct s  were sh ield e d  from viewing 
o f  out s iders by a wh ite curta in . The mee t ings were c onduct ­
e d  in the morning be fore any athle t i c  prac t i c e s  or act ivity 
c our s e s to min imize fat igue enter ing int o the study . 
TEST ING PROCEDURE 
First Me e t ing 
During the f irs t me e t ing , each sub j e ct was t e s t e d  t o  
determine the max imum we ight they c ould l ift t o  full exten­
s ion . The criteria wh ich determined the max imum we ight was 
d ependent on the max imum amount of we ight that e a ch sub j e ct 
c ould extend t o  18 0 degre e s  on kne e extens ion for one per­
formance . There were no warmup exerc ise s c onduc ted . The 
ext ens i ons were s low and c ontrolle d so that momentum c ould 
be ruled out as a fac t or in the knee extens i ons to 1 8 0  de ­
gre e s . Following attainment o f  kne e extens i on t o  1 8 0  degre e s 
the p o s it ion was he ld for approx imate ly one s e c ond . 
Each sub j e ct ' s  max imum we ight on kn e e  ext ens i on was 
determine d through trial and error . The sub j e c t ' s  determin-
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ed verbally what the ir max imum we ight c ould be s o  that a 
real ist i c  appra isal c ould beg in . This  was a j udgement de ­
c is i on bas e d  up on past experienc e . N o  one ind ividual l ifted 
we ight s for more than f ive trials in determin ing the ir maxi ­
mum we ight . 
Th is study t e st e d  the sub j e ct ' s  dominant leg . De ­
t erminat i on o f  wh ich leg was d ominant was gu ided by the re ­
searcher . The re searcher asked wh ich leg the sub j e c� would 
use to kick a ball . The kicking le g was then determined t o  
b e  the dominant le g .  
All sub j e ct s  were laying on the ir backs on a Uni­
versal Kne e  Extensor Table , mod e l  number TK-5 . The ir femurs 
were stab il i z e d  aga inst the exten s or table t o  min imi z e  h ip 
flex ion by strapp ing the femurs aga inst the table with a 
muslin wrap . The wrap enc ircled both femurs and the table 
and the ends were t ie d  s e cure ly so as not to p e rmit h ip 
flex ion . 
T otal extens ion dur ing each tr ial was a c c ompl i she d 
by the inve st igat or manually stre s s ing the kne e j o int int o 
extens ion during the one s e c ond hold o f  ext ens i on . The in- . 
ve st igat or would p lac e one o f  her hand s on t op o f  the femur 
t o  help stabil i z e  it and with the o ther hand , she would 
forc e the lower leg irit o further extens i on .  I f  there was 
further movement during this stre s s  t e s t , it was determine d 
that the sub j e ct had not reached . total extens i on herself and 
the we ight was t o o  heavy . The we ight was e ither incre a s e d  
o r  decreased unt il the inve s t igat or was sat i sfied that all 
work t o  t otal extens ion with max imum we ight was be ing per­
f ormed by the subj e ct . 
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After the sub j e ct ' s  maximum we ight was e stabl i shed , 
Exerc i s e  A and Exerc i s e  B was demonstrated by the re s earch­
er . The sub j e c t s  were then c oached by the re s e archer and 
pract i c e d  each exe r c i s e  unt il the re searcher was sat i sfied 
by the ir performan c e . The pract i c e  s e s s i on was performe d at 
each ind ividual ' s  one -half max imum we ight . 
Exerc i s e  A was pract iced ac c ord ing t o  the c ommand s 
with in the ten se c ond s allotted for the exerc i se . The sub­
j e ct s  were taught to move the we ight slow and c ontrolle d ac ­
c ord ing t o  the c ommand s for each s e c ond o f  movement . 
Exerc i s e  B was als o  pract i c e d  ac c ord ing t o  the c om­
mand s for the exerc i s e . The sub j e c t s  were taught that Exer­
c i s e  B has movement throughout the ten se c ond s wh ich was t o  
be s l ow and c ontrolled .  The inve s t igat or e mphas i z e d  t o  the 
s ub j e c t s  to fe e l  the rope on the bac k  of the ir legs in order 
· t �  know when they had reached 15 de �re e s  flex ion during the 
f irst flex i on phase of Exerc ise B .  
Following the pra c t i c e  se s s i on ,  the pro cedure s o f  
the next mee t ing ( c olle ct ion o f  data ) were explaine d , an ap ­
p o intment was d e t e rmine d for the next me et ing and any que s ­
t·ions that the sub j e ct s  had were answe red . 
The f irst me e t ing la sted be twe en 1 0  and 2 0  minute s  
for all sub j e ct s . Some sub j e ct s  requ ire d more pract ice t ime 
in order t o  p erform the exer c i s e s  prop e rly . 
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Se c ond Me e t ing 
The s e c ond me e t ing o c curred from five t o  1 1  days fol­
l owing the first meet ing . This me e t ing involve d c olle c t i on 
o f  data and las t e d  approx imate ly 5 0  minut e s  for each sub-
j e c t . In mo st instance s ,  the sub j e c t s  were t e s te d two at a 
t ime . Due t o  s chedul ing c onfl ict s ,  two sub j e ct s  were t e s t ­
e d  ind ividually but pro c e dure s were the same for all sub­
j e c t s . 
Skin preparat ion . One o f  the pro c e dure s of e le ctro ­
myography invo lve d  insur ing the e l e ctri cal insulat ion be ­
twe en the mus c l e  and e le c trode was at a min imum . 1 Th i s  wa s 
done by removing the dead surfac e layer o f  skin and o ils by 
abrad ing the skin with f ine sandpaper and c le ans ing the area 
with an alc ohol s o lut ion . T he sk in abras ion o c curred ove r  
the s it e  o f  the mot or p o int of the vastus me d ial i s . The mo ­
t or p o int was found by e l e ctrical s t imulat i on by u s e  o f  the 
D e lta JJOG Ele ctr ical St imulat or from the Rich-Mar C orp ora­
t ion o f  Tulsa , O klahoma . 
Placement o f  e l e ctrode s . The e le c trode s u s e d  in 
the . study were Nar c o - Biosys t em� 7 1 0 - 0 0 1 0  surfa c e  e l e c trode s 
whi ch were 1 1  millimeters in d iame te r . All the e le ctrode s 
were prepare d in the same manne r  before usage . The e le c -
trodes were cleaned with an alc ohol s olut i on and t e s t e d  with 
1J . V . Basma j ian , M . D . , Mus cle s Al ive , The ir Func ­
t ions Reve ale d by Ele ctromyography , 2nd e d .  ( Balt imor e : 
T he Will iams and Wilking C o . ,  1 967 ) ,  p .  23 . 
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a volt - ohm-mill iamme t er ,  mod e l  number 240 from the S imp s on 
Ele ctric C ompany . The e le ctrode s were t o  have reg i s tered at 
z ero ohms in order for · the t e st ing to c ont inue . 
Double adhe s ive washers were then plac e d  on the 
e le ctrode s .  The adhe s ive washers were t o  help ke ep the 
e le ctrode s in plac e over the mot or p o int dur ing the te st ­
ing . The adhe s ive washers were from Narc o - Bio syst ems , mo d ­
e l  number 710 - 0 0 13 . 
Ele ctrode paste , Redux Creme , number 651- 1021 fr om 
Hewlett Packard Me d ical Ele ctronic s was plac e d  spar ingly on 
the e l e c trode whi ch aided the ele ctr ical c onduction be twe e n  
the mus cle and e l e c trode . 
Two e l e c t rode s were p lac ed over the are a of the mo ­
t or p o int on the be lly of the vas tu s  me d ial i s . Int er - e le c ­
trode d istan c e  was . 5  c ent imeter . A b ipolar lead was u s ed 
t o  insure adequat e monit or ing o f  the vastus me d ial i s  through­
out the ent ire t e st ing s e s s ion . 
A third e le ctrode wh ich was the ground e l e c trode 
was plac e d  ant er i or t o  the me d ial mall e olus on the d ominant 
leg . 
All e le ctrode s were he ld in plac e with adhe s ive tape 
t o  min imize s l ipp ing during act ivity . 
Te s t ing skin re s is tanc e . Skin re s i stance was t e sted 
w ith the volt- ohm-milliamme ter to  c onfirm min imum re s i stanc e 
between the e le c trode and mus cle . Each sub j e ct was requ ire d 
t o  reach 5 ,  000  ohms or below in order t o  pro c e e d  with .the 
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t e s t ing . Based upon current s tudie s , 5 , 0 0 0  ohms was found 
t o  be an ade quate goal for t e st ing skin re s istanc e . I f  thi s  
g oal was not reache d , the pro c e s s  of skin abra s ion was re ­
p eate d . 
Ele ctromyograph ic apparatu s .  The apparatu s u s e d  in 
the study t o  re c ord the mus c le act ion potent ial s c ons isted 
o f : 
1. Phys iograph Four , E and M Instrument C ompany ,  
Inc orporat e d , Hou s t on ,  T exas . 
2 .  Hi-ga in C oupler , t yp e  7 1 7 1 , Nar c o  Bio - Systems � 
Inc orporat e d , Houst on ,  T exas . 
3. Channel Ampl ifier , type 7 07 0 ,  Narc o Bio - Systems , 
Inc orp orate d , Houst on ,  T exas . 
4 . Phys iograph Pen Mot or , MK V ,  Serial Numbe r  2752 , 
E and M Instrument C ompany , Incorporated , Houst on , T exas . 
5 .  Paper C ontrol , Phys iograph MK I I ,  Serial Number 
594 , E and M Instrument C ompany , Inc orp orat e d , Hou s t on ,  Tex-
a s . 
6. Phys iograph Four Re ct icurve Re c ord ing Paper , Nar­
c o - Biosystems , Inc o rp orat e d , Houst on ,  T exas . 
7 .  Phys iograph Red Ink , part number 7 13 - 0 0 03 , Nar­
c o - Bio syst ems , Inc orporate d ,  Houston , T exas . 
Before each t e s t ing period , the phys iograph and pa­
per c ontrol p ower systems were turned on t o  warm up the c om­
p onent s . The power sys t em for the h i -ga in c oupler and chan ­
nel ampl ifier was then turned on and the ppys iograph was cal-
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ibrated at one c ent ime ter o f  pen defle c t ion = one millivolt . 
DESIGN AND C OLLECT ION OF DATA 
The research de s ign of the study was a s ingle -group 
d e s ign with two variable s .  Exerc ise A and Exerc i s e  B were 
the two variable s wh i ch were t e sted at one -half max imum and 
thre e -fourths maximum we igh.t for each exerc ise . 
Before the first trial o c curre d , each subj e ct re ­
viewed the taped oral c ommands of each exerc i s e . The pur­
p o s.e of th i s  was t o  famil iar i z e  each sub j e ct with the me chan­
i c s  o f  the exerc ise s and the spe e d  at wh ich the exerc i s e  was 
performe d . T h is was a l i s tening review and no exerc i s e  was 
performe d . 
The exerc ise s were t e s t e d  in random order s o  that 
each exerc ise was t e sted twic e  for a t otal of e ight trials . 
Following performance o f  each exerc i s e  a five minute wa it ing 
p er iod o c curre d  before the next exerc ise was t e sted . The 
f ive minut e wa it ing period was to minimi z e  fat igue enter ing 
int o the study . 
Each exerc i s e  was note d  on the sub j e c t ' s  re c ord ing 
paper of the int erferenc e pattern ac c ord ing t o  the sub j e c t , 
t ime p erforme d , exerc ise performe d ,  and trial number . 
Following the c o ll e c t ion o f  data , the e le ctrode s 
were removed and cleaned with an alc ohol s o lut ion . The sub ­
j e c t  was cleane d over the e le c trode s ite with z ephrin chlor­
ide and an ant i s eptic o intment was plac e d  on the abraded 
skin ,  dre s s e d  and bandage d .  The sub j e ct s  were instructed t o  
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r eturn t o  the tra ining room da ily for ant i s ept ic care of the 
abras ions to min imize infe ct i on . 
STAT I ST I CAL T ECHNIQUE 
The stat i s t ical treatment o f  the data involved the 
measurement of the ampl itude of the sp ike s and count ing the 
frequenc ie s of the sp ike s on each int erferenc e pat tern for 
e ach sub j e c t . Mean ampl itude wa s then mult ip lied by £re ­
quency in order t o  obtain a quant itat ive f igure for each 
t rial . Th i s quant itat ive s c ore was ut il i z e d  with a mult iple 
analys i s  of var iance program o ffered through the Eas t ern I l -
1 ino is Un ivers ity Data Pro c e s s ing C ent er . 2 ' 3 
�id- Illino is C omputer C o - op ,  vers ion 7 . 0 , June 27 , 1 977. 
3Norman H .  N ie , C .  Hadla i  Hull , Je an G .  Jenkin s , Kar­
in Ste inbrenner , Dale H .  Bent , Stat i s t i cal Pa c kage for the 
S o c ial Sc ience s ,  2nd e d . ( St .  Lou is : McGraw-Hill Bo o k  C om­
p any, 19 7 5 ) . 
Chapter 4 
ANALYSI S OF DATA 
Thi s study empl oye d e le c tromyography to me a sure the 
mu scle ac ti on pote ntial of the vastu s  me dial i s  during two 
kne e  extensi on exerc i se s  wi th two different load s . The study 
wa s de si gne d to de te rmine whe ther e xer c i s ing the quadricep s 
through a full range of mo tion plu s repe titi on of the last 15 
d e gre e s doe s incre a se the mu scle ac ti on p o te ntial of the va s­
tu s me dial i s  when c ompare d t o  a full e xtension and fle xi on 
e xerci se , 
Part i c ipating in the study were 11  female athlete s 
from the fall and winter var s i ty athle ti c pr o gram at Eastern 
I llino i s  Univer s i ty .  Multiple analysi s of variance was uti ­
l i ze d  by the E a s tern Illinoi s Unive r s i ty Data Pro c e s sing C e n­
ter for stati stical tre atme nt . 
Table 1 pre sent s a summary of the multiple analysi s 
o f  variance of the e xerc i se s , we i ght s utili z e d , trial s per ­
forme d and e xercise s wi th variou s  we i ght s .  O ther data c on­
c erning me an ampl i tude s  and fre que nc ie s  of the interfe renc e 
pattern can be found in the app e ndix . 
Exerci se A ver su s  Exerc i se B 
Source Exerc i se A ver su s  Exer c i se B in Table 1 rep ­
re sent s an analysi s o f  variance be twe e n  Exerc i se A and Exe r -
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Table 1 
ANALYSI S OF VARIANCE OF THE MU SCLE ACTION POTEN TIAL 
OF THE VASTU S MEDIALI S DURIN G EXERCI SE S  A AND B 
S ource S S  df ms 
Exercise A vs. Exercise B 137 9 3 . 03 1 137 93 . 03 
1/2 Max Weight vs . 3/4 Max Weight 196587 . 65 1 196587 . 65 
First Trial vs . Second Trial 19407 . 40 1 17407 . 40 
Exercise by Weight 1 370 . 28 1 137 0 . 28 
* Significant at the , 05 level o f  confidence 
F 
1 . 80516 
25 , 72835* 
2 . 27819 
. 17 9 34 
Po 
. 31123 
. 03674 
. 27027 
I 71314 
-t:" 
'° 
5 0  
c i se B .  There wa s no s i gnificant di ffere nce be twe en perfor­
mance of Exerc i se A and Exer c i se B as e vidence d  by an F ra­
tio of 1 . 8051 6 .  
One -half Maximum We ight ver su s  Thre e - fourths Maximum We ight 
The differenc e s in the amount of we ight lifted a s  
shown i n  Table 1 wa s dependent o n  the maximum we ight that 
e ach subj e c t  c ould lift to full e xtens i on for one time .  
Each sub j e c t  wa s te ste d  at one - half and thre e - fourths of 
the ir maximum we ight that they c ould lift . The F rati o of 
the differenc e s in u se of we ight wa s 25 . 7 2 835 . Thi s prove d  
t o  be significant at the . 05 le ve l  of c onfidenc e . 
Trial One ver su s  Trial Two 
Each sub j e c t  wa s  te ste d  for two performance s or tr i ­
al s at each we i ght for e ac h  e xerc i se . There wa s  a total of 
e ight tr ial s re c orde d wi th a five minute wai t be twe en e ach 
trial . The stati sti cal tre atme nt c ompare d the two trial s at 
e ach we ight for e ach e xer c i se ( e xample : one per formance of 
Exerc i se A at one - half maximum we i ght ve r su s  a se c ond perfor ­
mance of Exerc i se A at one -half maximum we ight ) . A s  illu s ­
' trate d i n  Table 1 ,  there was no significant differenc e be -
tween each of the trial s performe d at the . 05 le vel of c onfi ­
dence . The F rati o for the tri al s wa s . 2 . 2 7 81 9 .  
Exerc i se by We ight 
The source e xerc i se by we i ght in Table 1 c ompare d the 
two di fferent e x�r c i se s ,  Exerc i se A and Exe rc i se B performe d 
at the same we i ght , e i ther one - half maximum we i ght or thre e -
5 1 
fourths maximum we i ght . The F rat i o  for per�ormance of e xe r­
c i se by we i ght was . 1 7934 . Thi s showe d  that there was no 
s i gnificant differenc e  at the . 05 leve l  of c onfi dence be twe en 
performance of one e xerc i se at one - half maximum we i ght and 
performanc e  of the o ther e xerc i se at the same we i ght . 
DISCUSSION 
The data agre e d  with the re cent l i terature of P o c o c k , 
Lie b and Perry and B o s  and Bl o s ser c oncerning the lack of se ­
l e ctive func ti on of the vas tu s me di ali s  in kne e  e xtensi on . 1 
O verworking the vastu s  me dial i s in movement in Exer c i se B 
wi th the 1 5  de gre e s fle xi on and e xtension di d not pr odu c e  more 
ele c tri c al ac tivi ty ,  thu s  mu scle ac tivi ty ,  than the full e x-
tens i on and fle xion movement of Exerc i se A .  
The data of the s tudy did no t agre e wi th DeLorme in 
whic h  he empha si z e d  c oncentrating on only the last 15 de gre e s 
of e xtension to e xerc i se the va stu s  me diali s . 2 Exe r c i se B 
repe ate d fle xi on and e xtensi on in the last 1 5  de gre e s and did 
1R onald R .  Bo s ,  Thoma s G .  Bl o s ser , "An Ele c tromyo­
graphi c Study of Va stu s  Me diali s and Vastu s  Lateral i s  During 
Se le c te d  I sometri c Exe r c i se s , " Me dic ine and S c i e nc e  in Spor t s , 
II ( Winter ,  1970 ) , p .  222 ; se e al so F . J .  Li e b ,  J .  Perry , 
" Quadri c ep s  Func t i on : An Ele c tromyographi c Study Unde r Iso ­
me tr i c  C ondi t i ons , "  J ournal o f  Bone · and J o int Surgery ,  LI I I  
( June , 1 97 1 ) , p .  749 ; se e al s o  G. S .  P o c o c k , "Ele c tr omyographi c 
Study of the Quadr i c e p s  During Re si stive Exe r c i se s , " J ournal 
of the American Physi c al Therapy A s s o c i at i on ,  XLIII ( 1963 ) , 
p . 433 . 
2 T. L. DeLorme , "Re storati on o f  Mu scle Power by He avy 
Re s i stance Exe rc i se s , " J ournal of Bone and J o int Surge ry ,  
XXVII ( 1 945 ) , p .  646. 
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not produce any more muscle acti on potential than Exe r c i se A 
in whi ch movement in the las t  1 5 de gre e s wa s no t e mpha si ze d . 
An i some tric c ontraction o c curr e d  at full e xtension in Exer-
c i se A and thu s movement did not o c cur in the last 1 5 de ­
gre e s .  Mu scular activi ty wa s generate d  during the i some tr i c  
c ontrac ti on o f  Exerci se A ,  howe ver , an i sotonic c ontrac ti on 
d id not o c cur in the last 15 de gre e s a s  i t  did in Exer c i se B .  
T he s tudy was no t in agre ement wi th Whe atley and 
J ahnke in whi ch the ir ele c tr om.yographi c al study found the 
gre ate st activi ty of the vas tu s  me diali s in the last stage s 
o f  the range of mo tion . 3 Movement of the last stage s o f  the 
range of mo tion was emphasi z e d  in Exe r c i se B wi th repe ti ti on 
of the last 15 de gr e e s of e xtensi on and fle xi on .  The data 
o f  Exer c i se B would have to show more mu s cle action poten-
tial for Exerc i se B when c ompar e d  to Exerci se A to support 
Whe atl ey and Jahnke ' s  s tu dy . Thi s did no t oc cur . 
� .  Whe atley , W .  Jahnke , "Ele c tromyographic Study of 
t he Superfi c ial Thigh and Hip Mu scle s in Normal I ndivi dual s , " 
Arc hive s of Physical Me d i c ine , ( Augu s t , 1 951 ) , p .  51 3 . 
Chapter 5 
SUMMARY , C ONCLUSIONS AND RECOMMENDATIONS 
Thi s  chapter will present a summary of the study , 
c onclusions from the results of the s tudy and recommendations 
based upon the c onclusions , 
SUMMARY 
This  study wa s  undertaken to c ompare two therapeutic 
exerc ises  in knee extension with the muscle  action potential 
that each exerc ise  elicited at two different work loads , One 
exerc i s e  ( A ) was kne e  extension from 9 0  degrees  to 1 80 de­
grees  with a four s e c ond hold at 1 80 degrees  and followed  by 
flexion to 9 0  degrees . The other exerc i s e  ( B) was extens ion 
from 9 0  degrees  to  1 80 degree s , 1 5  degrees  flexion ,  1 5  de­
gre e s  extension and flexion to 90  degrees . 
The importanc e of c omparing each ex erc ise  and the 
different work loads lies  in the selection of therapeutic ex­
" ercises  f or eff i c i ent rehabilitation of the knee and particu­
larly the vastus medialis . 
Varsity female athletes  from the fall and winter in­
terscholastic athletic program at Eastern I llino is Universi ty 
s erved as  sub j e c ts for the inve stigation . The 1 1  sub j ects 
were randomly sele cted . 
Electromyography was used to measure the muscle ac -
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tion potentials as the sub j e c ts performed each exercise  at 
the varying weights as required .  Each athlete was tested on 
Exerc i s e  A and Ex ercise  B at one �half and three -fourths maxi­
mum weight that they c ould lift to  full extensi on at two tri­
als  f or each exerc ise  at each weight . 
Interferenc e patterns were measured by c ounting fre ­
quenc ies  and measuring amplitude of spike s . Mean amplitude 
was multiplied by frequency and thi s  quantitative figure was 
c omputed by the Eastern Illinoi s  University Data Proce ssing 
C enter by a multiple analysis  of variance program . 
C ONCLUSIONS 
The study c onc luded that : 
1. There is  no difference in the muscle  action po­
tential of an exerc i s e  requiring full extension and f lex i on 
a s  c ompared with an exerci s e  requiring full extension ,  1 5  de­
gre PS f lexion ,  15  degrees extension and full f lexion when 
each exercise  i s  performed in 1 0  s e c onds with the same amount 
of weight . 
2 .  There i s  a difference in the muscle action poten­
tial of performanc e in knee  extension of one -half maximum 
weight that the athlete can lift and performanc e of three ­
fourths maximum weight that the athlete can lift . Knee ex ­
t ension with three -fourths maximum weight elic ited more elec­
trical activity than knee  extension with one-half max imum 
weight . 
J . A five minute interval between performanc es of 
Exerc ise  A and Exercise  B inc luding the varying weights of 
one-half maximum weight lifted and three-fourths maximum 
weight lifted doe s  not have a tiring effect  on the vastus 
mediali s . Therefore , fatigue can be disc ounted as a factor 
in the results of the study . 
RECOMMENDATIONS 
55 
It is  rec ommended for movement in knee  extension 
that Ex erc ise  A would be f inanc ially practical to utili z e . 
Although there was no differenc e in the muscle action poten­
tial between the two exerc ise s , Exerc i s e  A required less  ap­
paratus and less  kinesthetic c oordination to acc omplish . In 
Exercise  B a 15 degree  slant board was c onstruc ted and the 
athlete had to feel  where in the range of motion 1 5  degree s  
flexion was with the assistanc e o f  another person . Exerc ise  
A can be  practiced  by the athlete alone and requires  the us e 
of only a knee extension table . 
Sinc e work equals forc e multiplied by dis tanc e , Ex er­
cise B would produc e more work becaus e of the addition of the 
1 5  degree s  flexion and extens ion .  An additional s tudy would 
be required to determine the value of the four s e c ond hold 
in Exerc i s e  A as c ompared to the 1 5  degrees  flexion and ex ­
tens ion phase  of Exercise  B. Perhaps through res earch , the 
optimum time to hold the weights at full extension c ould be 
discovered for quadriceps f emoris exerc ises . 
I t  is  recommended that this study be repeated with 
different variables " The use of different loads should be 
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s tudi ed . Thi s  inve s tigation employed only two different 
loads , one -half max imum we ight and thre e -fourth s maximum 
wei ght . A s tudy i s  needed to inve stigate the value of d if ­
f erent work loads on the mus c le ac tion po tential of the vas ­
tus mediali s . Numerous work loads ranging from a small 
amount of we ight up to the max imum we ight should be s tudi ed . 
The s tudy should a l s o  be repeated us ing s imi lar sub­
j ects , c onditi ons and variable s  in order to validat e  the 
pre s ent s tudy . 
A rec omm endation i s  that the s tudy be repeated on 
sub j e c t s  fo llowing an in j ury to de termine the eff e c t  of each 
exerc i s e  on the mus c le a c t i on potential of the vas tus medial­
i s  during the rehabilitation peri o d  f o llowing an in j ury to 
the kne e . Thi s  may vary re sults which c ould be very s ignif i ­
cant in rehabil i tating th e in j ured kne e . 
BI BLI O GRAPHY 
Abbington , R . O . , M . L .  Baxte r , G . H .  Koe pke , and R . P .  C hr i s t o ­
pher .  " Strengthening Te chnique s o f  the Quadri c e p s  Mu s­
cle s :  An E le c tr omyo graphi c Evaluati on , " J ournal o f  the 
Ameri can Physi cal Therapy A s s o c iati on , XLVI ( 1 966 ) , 1 1 7 3-
1 1 76 .  . 
Abbott , G . , and B .  Kre s s o " Pre c onditi oning in the Pre ven­
t i on o f  Kne e Injur i e s , " Arc hive s o f  Ph�si cal Me di c ine 
and R e habil i tati on , L ( June , 1969 ) , 32 -333 · 
Basma j ian , J . V . , M . D .  Mu scle s Alive , The ir Func t i ons Re ve al ­
ed by Ele c tr omyography . 2nd e d . Bal timore : The Wil ­
liams and Wilkins C o  . •  1 967 . 
B o s ,  R onald R . , and Thoma s G .  Blo s ser . "An Ele c tr omyograph­
ic Study o f  Va s tu s  Me diali s and Vastu s  Lateral i s Dur ing 
Selecte d I s ome tri c  Exer c i se s , " Me d i c ine and Scienc e  in 
Sport s ,  I I  ( Winter , 1 97 0 ) , 2 1 8-223 . 
Currier , D . P .  "Po siti oning for Kne e S trengthening Exe r c i s ­
es, " Physi cal The rapy , LVI I ( F e bruary , 1977 ) , 148 - 152 . 
DeLorme , T . L .  "Re s torati on o f  Mu scle Powe r  by He avy Re si s­
. tance Exerci se s , "  J ournal o f  Bone and J o int Surge ry , 
XXVI I ( 1945 ) , 645 - 667 .  
deVries, Herbert A .  Physi ology o f  Exerci se for Physi cal Edu­
cati on and A thle ti c s . 2nd e d . Dubuque , I owa :  Wm .  c .  
Brown C o . Publ i she r s ,  1 976 . 
Gieck, J . " C omme nt s  on Kne e R e habili tati on ( Le tter ) , "  Phys-
ical The rapy , LVI I I  ( April , 1 978 ) , 482-483 . _ 
Gre i she imer , E s ther M .  P hysi o l ogy and Anat omy Wi th Prac ti cal 
C onsiderati ons .  Philade lphia : J . B .  Lippinc o tt C o . ,  
1 963 . 
Hall , R i ck ,  A . T . , C .  Opinions e xpre s se d  in an addre s s , 
{ " Which to Use and When to U se I so toni c , I some tri c  or 
I sokine ti c E xe r c i se s " ) at the Gre at Lake s A thle ti c Train­
ers A s soc iation C onventi on , Di strict 4 ,  Holiday I nn ,  Per­
rysburg ,  O hi o , Mar c h  16 , 1 979 . 
J ackson , R . T . , and H . H .  Merr i fi e ld . "Ele c tr omyographi c A s se s­
sment o f  Quadr i c e p s  Mu scle Gr oup During Kne e Extension 
Wi th We i ghte d Bo o t , "  Me dicine and Scienc e in Spor t s ,  I V 
( Summer, 1972 ) , 1 1 6 -119 . 
57 
5 8  
Klein , K .K . The Knee in Sports ; C onditioning , Injury Prev en­
tion , Rehabilitation , and S tudies Related to the Knee . 
Austin :  Pemberton Press , 1 9 7 1 . 
Krusen ,  Frank , M . D . , Frederic J .  Kottke , M . D . , and Paul M .  
Ellwood, Jr . ,  M . D . Handbo ok of Physical Medic ine and Re ­
habilitation . Philadelphia : W . B .  Saunders C o . ,  1965 . 
Lieb , F . J . , and J .  P erry . " Quadric eps Function, An Anatomi­
cal  and M echanical Study Using Amputated Limbs, " Journal 
of Bone and Jo"int Surgery , L ( De c ember , 1968 ) ,  1535-1548 . 
" Quadric eps Function : An Ele c tromyographic Study 
Under Isometric C onditions, " Journal of Bone and Joint 
Surgery, LIII ( June, 1971 ) ,  749 -75 8 . 
Mendler , H .M .  " Eff e c t  of Stabi lization on Maximum Isometric 
Kne e  Extensor Forc e , "  Physical Therapy, XLVII ( 19 6 7 ) ,-
375-379 . 
Morehouse, Laurenc e E . , Ph . D . ,  and Augustus T .  Miller , Jr . ,  
M .D . ,  Ph . D .  Physiology Qf Ex ercis e . 6 th ed . St . Louis : 
The C . V . Mosby C o . ,  1971 . 
Ostrom , R . C . "Knee Rehabilitation Following Surgical Proce ­
dures , "  Physical Therapy , LVII  ( De c ember, 1977 ) ,  1376-
1 379 . 
Perrin ,  David H. , M . A . "A C omparison of Two Methods of De­
veloping Quadric eps Muscle Strength, " Orthopaedic/Sports 
M edicine, III  ( Winter , 1 9 7 8 ) , 4-6 . 
Pocock , G . S . " Electromyographic  Study of the Quadric eps 
During Resistiv e Ex ercis es, " Journal of the American 
Physical Therapy Association , XLIII  ( 1963 ) , 42 7 -434 . 
Santavirta , Seppo , M . D . " Integrated Electromyography of the 
Vastus Medialis Musc le After Meniscec tomy , "  The - American 
Journal of Sports Medicine , VII ( January/February, 1979 ), 
40 -42. 
Sullivan , G .  " C onditioning Procedures in Preventi on of Kne e  
Injuries, " Journal o f  the National Athletic Trainer ' s As­
sociati on , IV ( Summer , 1969 ) ,  1 2 - 1 3 . 
Wheatley, M . , and W . Jahnke . " Elec tromyographic Study of the 
Superficial Thigh and Hip Muscles in Normal Individuals , "  
Archiv es of Physical Medicine , XXXII ( August, 1951 ) , 50 8-
51 5 .  
APPENDIX A 
RESULTS OF THE MEA SUREMEN TS 
OF THE MEAN AMPLI TUDE AND FREQUENCY 
OF THE: VASTU S MEDIALI S - EXERCI SE A ,  1 /2 MAXIMUM WE:I GHT 
Sub- Me an 
j e c t  Tri al Ampli tude 
1 1 1 . 36 
2 1 . 61 
2 1 1 o 08  
2 1 .  09 
3 1 1 . 6 0 
2 1 . 17 
4 1 1 . 81 
2 2 . 03 
5 1 O a 87 
2 0 . 96 
6 1 1 . 02 
2 1 . 1 0  
7 1 1 . 2 3 
2 1 . 43 
8 1 0 . 98 
2 0 . 94 
9 1 0 . 97 
· 2  0 . 91 
1 0 1 1 . 75 
2 2 . 32 
i 1  1 2 . 32 
2 2 . 08 
Mean : Trial 1 = 3 07 . 77 
Trial 2 = 31 8 . 1 5 
Me an x Fre quency Frequency Ampli tude 
2 06 280 . 1 6 
228 3 67 0 08 
1 7 2  1 85 . 7 6  
1 80 1 96 . 20 
227 363 . 20 
1 97 230 . 49 
244 441 . 64 
263 5 3 3 . 89 
207 1 80 . 09 
2 04 1 95 . 84 
256 261 . 1 2 
239 262 . 90 
21 2 2 6 0 . 7 6 
2 04 291 . 7 2 
1 99 1 95 .  02 
206 1 93 . 64 
1 92 1 86 . 24 
1 65 1 50 . 1 5 
258 45 1 . 5 0  
244 5 6 6 . 08 
25 0 5 8 0 . 0 0 
246 5 1 1 . 68 
S . D . : Trial 1 = 1 34 . 01 
Trial 2 = 1 5 2 . 6 0 
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APPENDIX B 
RESULTS OF THE MEASUREMENTS 
OF THE MEAN AMPLI TUDE AND FREQUENCY 
OF THE VASTUS MEDIALIS - EXERCISE A ,  3/4 MAX IMUM WEI GHT 
Sub- Me an 
j e c t  Trial Amplitude 
1 1 1 . 80 
2 1 . 71 
2 1 1 . 41 
2 1 . 3 0  
1 1 . 61 
2 1 . 2 8 
4 1 2 . 1 8 
2 2 . 2 8 
5 1 1 . 69 
2 1 . 07  
6 1 1 . 99 
2 1 . 69 
7 1 1 . 86 
2 1 . 69 
8 1 1 . 2 7 
2 0 . 93 
9 1 0 . 78 
2 0 . 78 
1 0 1 1 .  75 
2 1 . 65 
1 1  1 3 . 1 6  
2 2 . 21  
Mean : Trial 1 = 441 . 81 
Trial 2 = 357 . 81 
Me an 
Frequency Amplitude x Frequency 
232 41 7 . 60 
25 9  442 . 89 
2 1 8 3 07 . 3 8 
2 00 2 60 . 0 0 
244 3 92 . 84 
241 3 08 . 48 
25 8  562 . 44 
23 9  544 . 92 
2 68 452 . 92 
22 6 241 . 82 
258  513 . 42 
2 51 424 . 1 9 
2 1 8 405 . 48 
22 8 3 85 . 32 
221  28 0 . 67 
1 81 1 68 . 33 
1 63 1 2 7  . 1 4 
1 53 1 1 9 . 3 4 
2 89 5 05 .  75 
25 7 424 . 05 
2 83 8 94 . 28 
2 7 9  61 6 . 59 
S . D .  I Trial 1 = 1 93 . 90 
Trial 2 = 153 . 95 
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A PPENDIX C 
RESULT S  OF THE MEASUREMENTS 
OF THE MEAN AMPLI TUDE AND FRE QUENCY 
OF THE VAS TUS MEDIALIS - EXERC ISE B ,  1/2 MAX IMUM WE I GHT 
S ub - Mean 
j e c t  Trial Amp l i tude 
1 1 1 . 1J 
2 1 . OJ 
2 1 1 . J5 
2 1 . 1 5 
J 1 1 . 1 9  
2 0 . 88 
4 1 2 . 1J 
2 2 . 1 1 
5 1 1 . 4J 
2 1 . 00 
6 1 1 . 1 9 
2 1 . J O  
7 1 1 . J4  
2 1 . 46 
8 1 0 . 76 
2 0 . 82 
9 1 0 . 94 
2 0 . 78 
1 0 1 1 . JJ 
2 1 . J 6  
1 1  1 . 2 . J 1 
2 2 . 64 
Mean : Trial 1 = J1 2 . 1 J  
Trial 2 = 281 . 62 
Frequency 
Mean ·  
Amp l i tude x Frequency 
1 92 2 1 6 . 9 6  
1 89 1 94 . 67 
2 07 2 79 . 45 
1 72 1 97 . 8 0 
1 82 2 1 6 . 58 
1 62 142 . 5 6 
25 6  545 . 2 8 
22 7 478 . 97 
2 72 J 8 8 . 96 
2J4 2J4 . 00 
2 8 0  JJJ . 2 0 
2J 1 J OO . J O  
1 99 2 66 . 66 
2 1 8  J18 . 2 8  
1 5 0  1 1 4 . 0 0  
1 68 1J 7 . 76 
1 76 1 65 . 44 
1 46 1 1 J  • .  88  
2J2  J 08 . 56 
2J5 J 1 9 . 6 0  
259  598 . 2 9 
2 5 0  6 60 . 00 
S . D . : Trial 1 = 149 . 90 
Trial 2 = 1 64 . 40 
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.A PPENDIX D 
RESULTS OF THE MEASUREMENTS 
OF THE MEAN AMPLI TUDE A ND FRE QUENCY 
OF THE VAS TUS MEDIALIS - EXERC I SE B ,  J/4 MAXIMUM WE I GHT 
S ub- Me an 
j ec t  Tr i al Amp l i tude 
1 1 1 .  61 
2 1 . 51 
2 1 1 .  7J 
2 1 .  42 
3 1 1 . 2 0  
2 1 . J2 
4 1 2 . 25 
2 2 . 5 7 
5 1 1 . 02 
2 1 .  OJ 
6 1 1 . 77 
2 1 . 8 0 
7 1 1 . 8J 
2 1 . 84 
8 1 0 . 98 
2 0 . 95 
9 1 0 . 89 
2 0 . 69 · 
1 0  1 1 .  51 
2 1 . 5 0 
1 1  1 2 . 67 
2 2 . 35 
Mean : Trial 1 = .375 . 57 
Trial 2 = .356 . 08 
Me an 
Frequency Amp l i tude x Frequenc y 
2J 8 J 8J . 1 8  -
25J J 82 . OJ 
22 6 J 9 0 . 9 8  
2 1 J  J 02 .  46 
2 06 247 . 2 0  
2 06 2 71 . 92 
258  5 8 0 . 5 0 
25J 65 0 . 2 1  
2J 8  242 . 76 
2 09 2 1 5 . 2 7  
2 74 484 . 98 
2 41 4JJ . 8 0 
2JJ 42 6 . 3 9 
2 1 4  J 9J . 76 
1 83 1 79 . J4  
1 89 1 79 . 55 
1 68 1 49 . 52 
1 44 . 9 9 ·. 3 6 
2J5 J54 . 85 
23 6 354 . 00 
259 691 . 53 
2 7 0  6.34 . 5 0 
S . D . � Trial 1 = 1 67 . 5 8 
Trial 2 = 1 7 2 . 92 
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A PPENDIX E 
DATA CHART FOR DOMI NANT LEG A ND WEIGHT MEASURED 
Sub - Dominant Maximum 1/2 Maximum J/4 Maximum 
j ec t  Le g  We ight* We ight* We ight* 
1 Right 40  2 0 J O  
2 Right J O  1 5 22 . 5 
J Right J 5 1 7 . 5 25 
4 Left J O 1 5 22 . 5  
5 Right J O  15 22 . 5 
6 Right 40 2 0  3 0 
7 Right 3 0 1 5 22 . 5 
8 Right 25 1 2 . 5  1 7 . 5  
9 Right 2 0  1 0  1 5  
1 0  Right 25 1 2 -. 5 1 7  . 5 
1 1  R i ght 40 2 0  3 0 
* Pounds 
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A PPENDIX F 
DATA CHART OF SUBJE C TS 
Sub j e c t  A ge ( ye ars ) He ight ( inche s ) We ight ( lb s . )  
1 22 . 08 71 1 45 
2 1 9 . 75 68  13 0 
3 1 9 . 08 68 1 3 5  
4 23 . 25 62 1 1 5 . 
5 21 . 00  67  1 3 5  
6 2 0 . 58 68 1 45 
7 21 . 1 6  67 1 2 0  
8 21 . 66 62 1 23 
9 1 9 . 66 64 1 3 5  
1 0  2 0 . 00  63 1 3 0 
1 1  1 9 . 33 65 1 1 6  
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s chool and graduate d fr om there in June of 1 97 0 . While in 
high school , her maj or ac tivi ti e s include d par t i c ipati on in 
all pha se s of the girl ' s  athle t i c  pr ogram and band . Award s 
given to her in high scho ol c onsi ste d  o f  Mo st Valuable Girl 
A thle te Award and Boo ster Club Scholar ship in June , 1 97 0 . 
She re c e ive d  her Bac he l or of Sc ience de gre e  in 
Health , Physi cal Educati on and Re creation from Lo ck Haven 
State C olle ge , L o ck Have n ,  P e nnsylvania in May , 1 974 . 
From De cember , 1 974 to June , 1 977  she taught physi ­
cal e ducation on the se c ondary le ve l in Linwood , Ne w Jer sey . 
She al s o  c oache d  girl ' s  baske tball , fie ld hockey ,  tenni s , 
and �rack and fie l d . C oaching cre di t s  include A s si stant 
C oach o f  South Jer sey ( Se c ti onal ) Girl ' s  Ba ske tball Champi on­
ship Te am and A s si stant C oach of Ne w J e r sey State ( Final s ) 
F ield Ho ckey Champi onship Te am .  
From Augu s t , 1 97 7  t o  April , 1 97 8  she wa s A s si stant 
A thle t i c  Trainer at LaSalle C olle ge , P hilade lphia , Pennsyl -
vania . 
From June , 1 97 8  to June , 1 979  she wa s a Graduate A s -
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si stant in Athl e ti c  Training at Ea stern Illino i s Univer si ty 
where she will re c e ive a Ma s ter o f  Science de gre e  in Phy s i ­
cal Education i n  Augu st , 1 97 9 . 
Curre ntly she i s  l o oking for empl oyment on the c o l ­
l e ge le ve l  a s  an athl e ti c  trainer . 
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